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CALORIMElER EXPERIMENTS WITH SUVA® AC9000 
K.N. Mumpower 
Bristol Compressors 
15185 Industrial Park Rd. 




Chestnut Run Plaza 
Wilmington, DE 19880 
The objective ofthis study was to evaluate the petformance of a ternazy mixture ofHFC-32/HFC 1251HFC-134a 
as an HCFC-22 alternative for air conditioning and heating applications using a compressor calorimeter. The cooling 
capacity, energy efficiency, and compressor discharge temperature and pressure were compared for the ternazy mixture 
versus HCFC-22. A discussion of how to define evaporating temperature, condensing temperature, subcooling, and 
superheat for mixtures with temperature glides using a compressor calorimeter is included. 
INTRODUCfiON 
Concern over ozone depletion has driven swift international action to eliminate production and use of 
chlorofluorocarbons (CFCs). Increased environmental pressure on hydrochlorofluorocarbons such as HCFC-22 
necessitates the identification of products that satisfy the future need for chlorine-free refrigerants. In the past most 
refrigerants tested in compressor calorimeters were either pure components or azeotropcs and therefore during evaporation 
and condensation the temperature was assumed essentially constant depending on the amount of pressure drop. 
Typically in calorimeter studies the pressure drop is assumed to be negligible. 
All of the alternative mb..1ures and azeotropes that have been developed have some change in temperature during 
either evaporation or condensation. This difference in temperature during the change in phase within a heat exchanger is 
usually referred to as the temperature glide /1/. Table I provides a list of temperature glides for several alternatives at a 










































The question often asked is how to set up a compressor calorimeter to evaluate the performance of alternative 
refrigerants which have a temperature glide. The answer depends on the type of heat exchanger that will be used in the 
air conditioning or heat pump system. Typically cross flow heat exchangers with the refrigerant on the inside of the· 
tubes and air on the outside are used in residential cooling and heating applications. Mixtures and azeotropes which 
have a temperature glide less than 1 oF (0.6°C) can be tested using a calorimeter the same as single component 
refrigerants because the glide has a negligible effect on the petformance. Mixtures with larger temperature glides such as 
2 to 11 °F (I to 6°C) must be set up using the mean evaporator and condenser temperature to simulate cross flow heat 
exchangers. This study will focus on how to evaluate the performance of mixtures with temperature glides such as 
SUVA® AC9000 which is composed of 23 wt% difluoromethane (HFC-32), 25 wt% pentafluoroethane (HFC-125), and 
52 wt% 1.1.1,2-tetrafluoroethane (HFC-134a) using a compressor calorimeter to simulate actual performance in a cross-
flow air to refrigerant heat exchanger. 
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CALORIMETER AND COMPRESSOR 
Experiments were conducted using a compressor calorimeter with a
 nominal capacity range from 30 to 
130 kBtulhr (8.8 to 38.1 kW) /2/. A coriolis mass flow meter was instal
led in the liquid line just after the filter drier 
which allowed energy balances to be perfonned between the boiler and t
he refrigerant. Using a thennodynamic cycle 
model the refrigerant enthalpy was calculated at the inlet and outlet of 
the boiler by knowing the temperature at the 
expansion valve and the temperature and pressure at the outlet of the boi
ler. The mass flow rate times the refrigerant 
enthalpy difference across the boiler provided the refrigerant side capacity. 
'The boiler side capacity was calculated based on the amount of power provide
d to the boiler immersion heaters to 
keep the HFC-134a in the boiler at a constant pressure of about 80 psia (55
2 kPa) which corresponds to a temperature of 
66°F (l9°C). The ambient temperature in the laboratory is typically 70 to
 75°F (21 to 24°C) so minor com:ctions have 
to be made to compensate for the small amount of heat leakage which mig
ht occur into the boiler from the surroundings. 
Energy balances at capacities above 60 kBtulhr (17.5 kW) were in exc
ellent agreement within 1 to 2o/o. At lower 
capacity steady cycle heat conditions are more difficult to maintain and t
herefore the energy balances were within 1 to 
4%. In addition, typically the refrigerant side capacity is greater than the boiler sid
e capacity which is consistent due to 
the fact that the refrigerant side capacity is based on the measured mass flo
w rate which accounts for both the refrigerant 
and oil flow rate. According to the compressor manufacturer the oil can m
ake up 0.5 to 2% of the total refrigerant flow, 
therefore the eaergy balances may be even closer. Methods are being dev
eloped to measure oil circulation rate on line 
without the need for taking refrigerant/oil samples during operation. 
A reciprocating compressor designed for HCFC-22 was used for the air co
nditioning and heating comparisons 13/. 
The compressor was mounted insidt: a temperature controlled cabinet and the te
mperature was maintained at 95°F (35°C) 
for all tests. Intrusive thennocouples and pressure taps were installed
 within 6 inches (15 em) of the suction and 
discharge connections on the compressor. Jhe single· phase compres
sor was operated at 230 volts. The power 
consumption was measured using a digital power meter and the energy eff
iciency ratio is based on the power requmd to 
operate the compressor only. The compressor was charged with a polyol 
ester lubricant and a series of condensing and 
evapornting temperatures were evaluated in order to study the performance 
over a wide range of compression ratios. 
The comparisons were conducted at condenser temperatures from 90 t
o 130°F (32 to 54°C) and evaporator 
temperatures fonn 10 to 50°F ( -12 to 1 0°C). The condenser and evaporator
 temperatures were con1rolled by adjusting the 
compressor discharge and suction pressure. The condenser is a shell and t
ube heat exchanger with the refrigerant on the 
inside of the tubes and chilled brine on the shell side. The discharge pres
sure is automatically maintained using a flow 
controller on the brine side of the condenser. The evnporator consists of f
our circuits mounted inside a boiler filled with 
HFC·l3-"a and sc,·eral immersion heaters. The suction pressure is man
ually controlled by adjusting an air to open 
expansion valve. 
TEST RESULTS 
In order to know how to set the calorimeter discharge and suction pressur
es for mixtures with temperature glides 
we luve conducted SC\ er.1l expcrimen(s with residenti::.l heat pumps and w
indow air conditioning systems and carefully 
monitored the temperature profiles ::.long the length of the he::.t exchangers
 /4/. Refrigerant temperatures were measured 
using T type (copper...:onst::.ntan) thermocouples mounted on the surface
 of the copper tubes well insulated from the 
ambient. Thermocouples were placed on e::.ch tube bend of the indoor and
 outdoor circuit coils. Figure 1 and 2 provide 
examples of the tcmper:nure profiles for HCFC-22 and the ternnry mixture
 in a residential heat pump with conventional 
cross-flow air to rcfriger:mt heat exchangers. 
Figure 1 shows tmt the condensing temperature profile for HCFC-22 an
d the ternary mbcture cross in the two 
phase region using the same condenser at a constant ambient air tempera
ture of 70°F (21 °C). In order to approximate 
this behavior using the calorimeter the compressor discharge pressure for
 the ternary mixture must be set by taking the 
mean between the dew ::md bubble point temperatures. For example, in F
igure 1 HCFC-22 condenses at a temperature 
of about ll3°F (45°C}. Using a saturation table shows this temperature
 corresponds to a saturated pressure of 250.7 
psia ( 1729 kPa). In order to simulate this condensing temperature with H
CFC-22 in a calorimeter the operator sets the 
compressor discharge at this pressure. In order to simul:lle this condens
ing tempemture with the ternary mixture the 
operator uses the saturation table and finds the dew point pressure and b
ubble point pressure for the mixture at ll3°F 
(45°C) which arc 251.8 psia ( 1736 k.Pa) and 284.2 psia (1960 kPa), respec
tively. Taking the average pressure. 268 psia 
( 1848 k.Pa) corresponds to setting the satur.Jtion temperature the same as H
CFC·22 in about the middle of the 1:\vo phase 
region which appears to be a good :1pproxim::.tion for simulating the beh
avior of mixtures with temperature glides in 
cross flow heat exc~gcrs based on Figure I. 
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Figure 2 shows that the evaporating temperature profile for HCFC-22 and the terruuy mixture also cross in the 
two phase region using the same evaporator at a constant ambient air temperature of 80°F (26.7°C) across the coil. In 
order to approximate this behavior using a calorimeter the suction pressure for the mixture must be set by taking the 
mean between the inlet evaporator and dew point temperatures. For example, in Figure 2 HCFC-22 evaporates at an 
average temperature of about 46°F (7.8°C) which varies+/- 1°F (0.5°C) with pressure drop. Using a thermodynamic 
table, this temperature corresponds to a saturated pressure of 92.2 psia (635.7 kPa). In order to simulate this evaporating 
temperature with HCFC-22 the operator sets the compressor suction at this pressure. 
In order to calculate the correct suction pressure for the ternary mixture the operator needs more than just the 
saturation tables because the average between the dew point and bubble point temperature does not apply for the 
evaporator. A pressure-enthalpy (PH) diagram, thermodynamic property data within the two phase region, or a cycle 
program is necessary to calculate the correct suction pressure. Using a pressure-enthalpy diagram the operator uses the 
specified subcooled liquid temperature and assumes constant enthalpy which fixes a vertical line on the PH diagram. 
Taking a horizontal line corresponding to a fixed pressure across the PH diagram determines temperatures at the 
intersections of the constant enthalpy line and the dew point curve. Adjusting this line until the average of these two 
temperatures is the same as the evaporator temperature desired which was 46°F (7 .8°C) determines the suction pressure 
which should be set on the calorimeter. Using a PH diagram is a time consuming method, and depending on the 
diagram detail, may not be very accurate. A cycle program can be more accurate. 
Many calorimeters are automated such that the compressor calorimeter discharge and suction pressures for each 
condition can be changed automatically. Algebraic equations can be developed for calculating the desired operating 
temperatures for an automated calorimeter using the methods described and fitting data from either a cycle program or 
using thermodynamic tables and PH diagrams. 
Superheat for mixtures can be defined from either the mean evaporating or dew point temperature. Air 
conditioner and heat pump equipment manufacturers want to maintain the same amount of superheat as HCFC-22 to 
prevent any liquid refrigerant from entering the compressor during operation. Some equipment manufactures feel it is 
necessary to define the superheat from the dew point. Thermodynamic cycle model calculations with the ternary mixture 
show no measurable difference in capacity and energy efficiency whether superheat is defined from the dew point or 
mean e"aporator temperatures. Studies were performed using the compressor calorimeter at several operating conditions 
which confirmed this conclusion (see Figure 3 ). The compressor suction temperature is about 4 °F (2.2°C) higher if the 
'superheat is defined from the dew point so the resulting compressor discharge temperature was about .J."F (2.rC) higher. 
These discharge temper:Jturcs still remain below HCFC-22. 
Subcooling can also be defined from either the mean condensing or bubble point temperature_ Currently many 
compressor calorimeter studies being performed with mi:\1ures having temperature glides are defining the amount of 
subcooling from the bubble point temper:Jture /5/. Cycle model calculations with the ternary mixture showed a 2 to 3% 
increase in capacity and energy efficiency if the subcooling was defined from the bubble point temperature versus the 
mean condensing temperature. Calorimeter studies at several operating conditions confirmed this conclusion (see Figure 
3). Several experiments ha"e also been performed using cross flow air to refrigerant heat exchangers in air conditioning 
and heat pump systems to evaluate how subcooling should be defined_ Typically. the approach temperature difference 
(temper:Jture difference between the subcoolcd liquid refrigerant exiting the condenser and the ambient temperature) for 
these systems is 3 to 5"F ( l. 7 to 2_8"C) depending on the heat exchanger efficiency. Measured liquid temperatures 
exiting condensers show that HCFC-22 and the ternary mi:\ture have essential the same approach temperature differences. 
The reason for this is the condensing heat transfer coefficients and refrigerant mass flow rate for HCFC-22 and the 
mixture are similar /6/. 
If the subcooling for a mixture with a temperature glide such as HFC-32/HFC-l25/HFC-134a is defined from the 
bubble point the liquid temperature is lower than HCFC-22 by about half the temperature glide or 4"F (2.2"C) in this 
case. If the approach temperature is less than 4°F (2.2°C) then the liquid temperature leaving the condenser could be 
lower than the air temperature which is thermodynamically impossible. Thus, in order to closely approximate the actual 
performance of mixtures with temperature glides in cross flow air to refrigerant heat exchangers having similar 
condensing beat transfer coefficients, such as with HCFC-22 and the ternary mixture, subcooling should be defined from 
the mean condensing temperature. Additional work done in this area has shown HFC-32/HFC-l25/HFC-134a capacity 
and energy efficiency can benefit 2 to 3% compared with HCFC-22 with the use of a liquid suction line heat exchanger 
for increasing subcooling 17/. 
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Figure 4 and 5 compare the measured capacity and energy efficiency ratios for the temmy mixture versus HCFC-
22 over the range of conditions studied. The superheat and subcooling were defined for all tests from the mean 
evaporator and condenser temperatures. HFC-32/HFC-125/HFC-134a had 6% higher to 4% lower capacity and 2% 
higher to 3% lower energy efficiency compared with HCFC-22 depending on operating conditioiL Figure 6.compa.res the 
compressor discharge temperatures. The ternary mixture had 13 to 21 F
0 (7 .2 to 11. 7°C) lower compressor discharge 
temperatures compared with HCFC-22. The lower compressor discharge temperature should have a positive effect on the 
lubricant and compressor life. The compressor discharge pressure for HFC-32/HFC-125/HFC-134a was 10 to 25 psi (74 
to 171 kPa) higher than HCFC-22 over the range of condensing temperatures from 90 to 130°F (32 to 54°C}. 
CONCLUSIONS 
Mean evaporating and condensing temperature should be set with a compressor calorimeter in order to simulate 
cross flow air to refrigerant heat exchangers with mixtures having temperature glides such as HFC-321HFC-125/HFC-
134a. Defining superheat from either the mean or dew point temperature has no measurable effect on capacity or energy 
efficiency. Subcooling should be defined from the mean condensing temperature for SUVA® AC9000 such that the 
subcooled liquid refrigerant temperatures for HCFC-22 and the mixture are the same. Condenser temperatures from 90 
to l30°F (32 to 54°C} and evaporator temperatures from 10 to 50°F (-12 to 10°C) were studied to compare the relative 
capacity, energy efficiency and compressor discharge temperature differences between HFC-32/HFC-125/HFC-134a and 
HCFC-22. SUVA® AC9000 provided a close match in compressor performance with 6% higher to 4% lower capacity, 
2% higher to 3% lower energy efficiency, and 13 to 21°F (7.2 to 11.7•C) lower compressor discharge temperatures 
compared with HCFC-22. System tests indicate similar results because heat uansfer coefficients for both refrigerants are 
similar. 
ACKNOWLEDGMENTS 
The authors would like to thank the following people who measured and reduced experimental data and provided 
valuable discussions for this paper: J.A. Alexander, L. Bracale, Jr., H.A. Hammond, J.G. Wheeler. and A. Yokozeki. 
REFERENCES 
I. Shealy, G.S. 1994. Operating Considerations for Azeotropes & Zeotropes. Seminar 
Presentation at ASHRAE Winter Meeting, New Orleans. LA, January 23. 
2. Starco Calorimeter. 1993. Model# 130. Dayton, Ohio. 
3. Bristol "Inertia" compressor, Model# H25A62QCBCA 
~- Shiflett. M.B. 1993. HCFC-22 Alternatives for Air Conditioning and Heat Pumps. Seminar 
presentation at ASHRAE Annual Meeting. Denver. CO. June 26-30. 
5. Calorimeter Unit Test results 1993 for the ARl Alternate Refriger.tnt Evaluation Program (AREP). 
6. Bivens. D.B., A. Yokozeki, V.Z. Geller, and M.E. Paulaitis. 1993. Transport Properties and Heat 
Transfer of Alternatives for R·22 and R-502. ASHRAE!NIST Refrigerants Conference, Gaithersburg, 
MD, August L 9·20. 
7. Mulroy, W.J. 1993. Private conununication. National Institute of Standards and Technology, 








0 115 -~ ... 
:I 110 -<':1 ... 

















32/125/134a (23/25/52 wt%) 
- HCFC-22 
... ·· .... 
........... 
···- ~ .. -....... 
'· ..... 
j-=:r- 2 phase--c~f\ .. 
55 ····- 32/1251I34a (23/25/52 wt%) 
~ 
D -~ ... = 50 <':1 ... 
~ 
1:1. s ., 
t-
45 
j<1- 2 phase~ 
Superheat 











O(l<!r..tting Condition li0°F I 45° F 
fJ Subcooling from Avg I Superheat from Avg 
0 Subcooling from Avg I Superheat from dew point 
ISl Subcooling from bubble point I Superheat from Avg 












































j l///.1 vu• 1<'//<1 ruo ruo VL.O v-co II~IJ - - -r---
lll'i 
I 1112 
mJI5!J II~!/ 45 
1 S'F Subcoo~nc 
20'!' Supeffleol 
~0/ j[J 110145 IJU /45 















I!XI/ 511 'JOIJO II0/4S 
l----~~~-----J~~--~~~~--~~~r:,r~ct•l_--~~~~.r~.rL<l-•--~~r~~,,.~LaiL---~;r~/~'''4-" . 1 VLLLl j'lZ/1 ru.c" r 0 t_j_') - r- 1110/511 
IIXI/4'i 130/4l 110/30 
90/10 





~J/Jll IJ0/45 130/45 
·1~F (cond<n"'r) / T'F (ovapoutor) 
Fi.t:un:: 6 
0 HC'FC-22 
E'J 32/12S/Il~a (2li2S/S2 "'") 
110130 90/1(1 
